Background. Infectious diseases are among the most mor-
of platelet-activating factor (PAF) by macrophages [6] . and E-selectin, which are induced by various inflammatory cy-P-cresol is an end product of protein catabolism. It is a tokines. We asked whether p-cresol alters endothelial adhepartially lipophilic moiety, which strongly binds to plasma sion molecule expression and modifies endothelial/leukocyte adhesion.
proteins under normal conditions. A part of the unconju-
Methods. Human umbilical vein endothelial cells (HUVEC)
gated p-cresol is removed via urine. Furthermore, in were incubated with p-cresol in the presence or absence of tumor uremia, modifications in the intestinal flora result in the necrosis factor (TNF) or interleukin-1␤ (IL-1␤). Thereafter, specific overgrowth of bacteria that are p-cresol producthe endothelial molecules ICAM-1, VCAM-1, and E-selectin were quantitated and the monocyte (THP-1) adhesion to ers [7] . Plasma concentrations of total p-cresol increase HUVEC measured. progressively during the development of chronic renal
Results. P-cresol decreased cytokine-induced protein and failure. In uremic patients, serum levels of p-cresol are mRNA expression of ICAM-1 and VCAM-1. In addition, increased about tenfold and those of free non-proteinp-cresol significantly decreased the adhesion of THP-1 to cytobound p-cresol are even higher [8] .
kine-stimulated HUVEC.
Conclusions. P-cresol may play a role in the immune defect Leukocyte adhesion to endothelium is a key event in of uremic patients by inhibiting cytokine-induced endotheimmune response, since leukocytes have to cross the lial adhesion molecule expression and endothelium/monocyte endothelial barrier to migrate to the sites of infecadhesion.
tions. Adhesion molecules of both cell types mediate leukocyte adhesion to endothelium. Such adhesion molecules include E-selectin, intercellular adhesion moleUremic patients often display an immunodeficiency cule-1 (ICAM-1), and vascular cell adhesion molecule-1 state, and infection remains one of the major causes of (VCAM-1) on endothelial cells. E-selectin, a member of mortality in patients with chronic renal failure (CRF) the selectin family, is not expressed by resting endothe- [1] . Studies strongly suggest that uremic toxins are inlium. After endothelial stimulation by inflammatory cytovolved in the impaired immune response of CRF pakines or lipopolysaccharides (LPS), E-selectin is strongly tients. For example, methylguanidine significantly inhiband rapidly induced on endothelial surface and thus meits tumor necrosis factor (TNF) production in vitro and diates leukocyte rolling on inflamed endothelium. [9] .
To our knowledge, no studies have investigated the The THP-1 cell line was maintained in RPMI 1640 medium with glutamax-1 supplemented with 10% FBS, effect of p-cresol on endothelial adhesion molecules. Since leukocyte adhesion to endothelium plays a key role in 25 mmol/L Hepes, 100 U/mL penicillin, and 100 g/mL streptomycin, under standard cell culture conditions. immune response and inflammation, we asked whether p-cresol altered endothelial adhesion molecule expresImmunofluorescence assay and flow cytometry analysis sion and modified endothelial/leukocyte adhesion.
of cell adhesion molecule expression P-cresol was diluted from a stock solution at 10 mg/mL METHODS prepared in methanol. Endothelial cells were incubated Reagents and antibodies for 4 or 24 hours in EGM-2 medium containing methanol 1% (control medium) or different concentrations of P-cresol was obtained from Supelco (Sigma-Aldrich, Saint Quentin Fallavier, France). Bovine serum albumin p-cresol in the presence or absence of TNF (500 U/mL or 100 U/mL) or IL-1␤ (50 U/mL or 10 U/mL). In some (BSA) and sodium azide were purchased from SigmaAldrich and methanol from Carlo Erba (Milano, Italy).
experiments, human serum albumin at a final concentration of 4 g/dL was added in the medium. The concentraCalcein-AM was obtained from Molecular Probes (Eugene, OR, USA), TNF from Tebu (Le Perray en Yvelines, tions of p-cresol were 100 g/mL (10-fold uremic concentration), 10 g/mL (uremic concentration), and 1 g/mL France), and interleukin-1␤ (IL-1␤) from Boehringer Mannheim Biochemica (Meylan, France). Monoclonal (normal concentration). Endothelial cell viability, as assessed by trypan blue exclusion, was similar in the differantibodies against VCAM-1 (clone 1G11) and E-selectin (clone 12B6), and irrelevant control IgG were purchased ent experimental conditions and was always Ͼ85%. linear relationship between mean fluorescence intensity Endothelial cell culture (arbitrary units) and number of binding sites of monoclonal antibodies (mAb) per cell [11] . The fluorescence Human umbilical vein endothelial cells (HUVEC) were recovered from umbilical cord vein by collagenase intensity measured on the flow cytometer was converted into number of mAb binding sites per cell by standard digestion as previously described [10] . Cells were seeded on gelatin-coated culture flasks and grown in EGM-2 beads from QIFIKIT, including a blank preparation with no attached murine Ig together with five positive medium under standard cell culture conditions (humidified atmosphere, 5% CO 2 , 37ЊC). Cells were then debead samples coated with increasing amounts of murine IgG. Beads were labeled with the FITC-conjugated sectached with a 0.05% trypsin-0.02% ethylenediaminetetraacetic acid (EDTA) solution and subcultured to the ondary antibody. A linear regression curve was drawn by plotting the mean fluorescence intensity measured on sense primer according to the manufacturer's instructions. Serial dilutions of the standard were coamplified each bead sample and the known number of mAb binding sites per cell for each bead. The mean fluorescence with 2 L of the RT product (1/10 of the RT reaction) and with the sense 1 and antisense primers. In brief, 68, intensity obtained for each antibody corrected for isotype control values was converted with the standard 34, 17, 3.4 and 1.7 pg of ICAM-1 standard were mixed with 2 L of the RT product in a 100 L reaction volume curve equation into the corresponding number of mAb binding sites per cell. Endothelial cells were considered containing 10 pmol of each primer, 0.2 mmol/L of each dNTP, and one unit of taq DNA polymerase. The therpositive when they expressed more than 5000 mAb binding sites per cell.
mal cycling reactions were denaturation at 94ЊC for 30 seconds, annealing at 60ЊC for 45 seconds, and extension RNA extraction from HUVEC at 72ЊC for 30 seconds (for a total of 35 cycles), followed by a termination step at 72ЊC for 10 minutes. The PCR Endothelial cells were incubated in EGM-2 medium containing methanol 1% (control), or p-cresol at 10 products were subjected to 1.5% agarose gels, and the intensity of the ethidium bromide staining for each band g/mL or at 100 g/mL, in the presence or absence of TNF (500 U/mL) or IL-1␤ (50 U/mL). After 16 hours was densitometrically measured with the Scion Image software (Scion Corporation, Frederick, MD, USA). The of incubation, confluent HUVEC monolayers were detached with a pre-warmed 0.05% trypsin-0.02% EDTA logarithm of the ratio (PCR product standard/target) was plotted versus the logarithm of the amount (pg) of solution for 30 seconds at 37ЊC. Cells were stored at Ϫ80ЊC for further RNA extraction.
the standard used in the assay. The amount of ICAM-1 cDNA produced by the RT reaction could be read from Total RNA was extracted from HUVEC by an RNeasy mini kit, and the RNA concentrations were deterthe point of the curve where amplifications of standard and target were equal. mined by spectrophotometric measurements at 260 nm wavelength.
The same method was used to determine the GAPDH mRNA levels in these total RNA preparations. The primer Two micrograms of total RNA of each sample was subjected to electrophoresis through 1% agarose gel consequences are the following: 5Ј-GTCAGTGGTGGAC CTGA CCTG-3Ј for the sense 1 primer, 5Ј-GTCAGTGG taining formaldehyde and visualized by ethidium bromide staining.
TGGACCTGACCTGATTTGGCTACAGC AACAG GGTG-3Ј for the sense 2 primer, and 5Ј-TGAGGAGG , and 48 fg of GAPDH standard structed that shares the same primer pair as the endogenous ICAM-1 sequences and can be distinguished by a and with the sense 1 and antisense GAPDH primers. The thermal cycling reactions were the same as for ICAM-1 lower size. First, the sense 1 (5Ј-GTCCCCCTCAAAAG TCATCCT-3Ј) and antisense (5Ј-CCGAGGTGTTCT mRNA analysis. The PCR products subjected to 1.5% agarose gel were analyzed as described below. The values CAAACAGCT-3Ј) primers were used to amplify a 581 bp ICAM-1 cDNA. An aliquot of this PCR was then obtained for GAPDH signals were used to normalize those for ICAM-1 signals. amplified with the same antisense primer and a second sense 2 primer (5Ј-AAAGTCATCCTTACTGGACTC Semiquantitative RT-PCR for VCAM-1 mRNA analysis. VCAM-1 mRNA levels were analyzed by semiquan-CAGAACGGGT-3Ј) containing in its 5-end the first 10 nucleotides of the 3Ј part of the sense 1 primer (undertitative RT-PCR. Both cDNA synthesis and PCR were performed in a single tube with the SuperScript Onelined in the sequence of the sense 2 primer). Finally, an aliquot of the second PCR was amplified with the sense 1
Step RT-PCR kit according to the manufacturer's instructions. The primer sequences were the following: sense and antisense 1 to produce the internal standard, 307 bp in length. Thus, the internal standard was differentiated 5Ј-CCCTTGACCGGCTGGAGATTG-3Ј and antisense 5Ј-CTGTGTCTCCTGTCTCC GCTT-3Ј for VCAM-1 from the ICAM-1 cDNA sequence by size (307 vs. 581 bp) and could be amplified with the same primers.
(the VCAM-1 cDNA obtained was 638 bp in length) and sense 5Ј-GAGTCAACGGATTTGGTCGT-3Ј and antiThis standard was purified on a 1.5% agarose gel, and its concentration was determined by spectrophotometric sense 5Ј-TTGATTTTGGAGGGATC-3Ј; for GAPDH (the GAPDH cDNA was 238 bp in length). The linearity measurements at 260 nm wavelength.
Total RNA (125 ng) was reverse transcribed with the of the amplification was determined for cycle number and RNA concentrations in preliminary experiments. For First Strand cDNA Synthesis Kit for RT-PCR and anti- as mean Ϯ SEM of 6 independent experiments.
•• P Ͻ 0.01 vs. TNF, independent experiments.
•• P Ͻ 0.01 vs. TNF, *P Ͻ 0.05 vs. IL-1␤.
••• P Ͻ 0.001 vs. TNF, ***P Ͻ 0.001 vs. IL-1␤.
VCAM-1 mRNA analysis, 50 ng and 12.5 ng of total and the results were expressed in arbitrary units. were incubated for 24 hours in medium (control), TNF (100 U/mL), or or IL-1␤ (10 U/mL) in the presence or absence of different concentra-IL-1␤ (10 U/mL) in the presence or absence of different concentrations tions of p-cresol. After incubation, endothelial expression of ICAM-1 of p-cresol. After incubation, endothelial expression of VCAM-1 was was analyzed by flow cytometry after indirect immunofluorescence analyzed by flow cytometry after indirect immunofluorescence staining. staining. Data are expressed as mean Ϯ SEM of 6 independent experiData are expressed as mean Ϯ SEM of 6 independent experiments. ments.
••• P Ͻ 0.001 vs. TNF, *P Ͻ 0.05 vs. IL-1␤, **P Ͻ 0.01 vs. IL-1␤.
• P Ͻ 0.05 vs. TNF, ••• P Ͻ 0.001 vs. TNF, **P Ͻ 0.01 vs. IL-1␤, *** P Ͻ 0.001 vs. IL-1␤.
Adhesion assay of THP-1 to HUVEC
ent THP-1 cells were removed by three washings, and Endothelial cells cultured in 96-well plates were incuculture medium was added to each well. The remaining bated for 24 hours in EGM-2 medium containing differfluorescence (Fx) and the fluorescence of the blank (Fb 2 ) ent concentrations of p-cresol or containing methanol were measured, and percentage adhesion was calculated 1% (control), in the presence or absence of TNF (500 by the following formula: U/mL) or IL-1␤ (50 U/mL).
THP-1 cells were washed with RPMI medium and % adhesion ϭ [(Fx Ϫ Fb 2 )/(Ft Ϫ Fb 1 )] ϫ 100 labeled with 10 mol/L Calcein-AM at 37ЊC during 30 Fluorescence was determined by the Cytofluor Seminutes. After three washes in RPMI, THP-1 cells were ries 4000 Fluorescence multi-well plate reader (PerSepsuspended in culture medium at 37ЊC at a concentration tive Biosystems, Framingham, MA, USA). The excitaof 10 6 /mL. Cell viability assessed by trypan blue exclusion tion filter was a 20 nm bandwidth centered at 485 nm was greater than 90%. and the emission filter was a 25 nm bandwidth centered Adhesion of THP-1 to HUVEC was measured with at 530 nm. This method yielded low variation between the method of Vaporcyian, Jones and Ward [13] . One replicates. hundred microliters of THP-1 (10 6 /mL) were added on washed HUVEC in triplicate and incubated for 30 minStatistical analysis utes at 37ЊC in 5% CO 2 atmosphere. Culture medium Data are expressed as mean Ϯ standard error of the alone was used as a blank. Total fluorescence (Ft) and fluorescence of blank (Fb 1 ) were measured. Non-adhermean (SEM) of a minimum of three independent experi- ments. Statistical analysis was performed with the Prism increase in ICAM-1 and VCAM-1 expression on endosoftware (GraphPad Software Inc., San Diego, CA, USA).
thelial surface (Figs. 1 and 2 ). The increase in ICAM-1 Determination of significant differences was performed expression induced by TNF was inhibited by 27% by 10 by repeated measures analysis of variance (ANOVA) g/mL of p-cresol (Fig. 1) . Similar results were obtained followed by a Tukey's test. A P value lower than 0.05 with IL-1␤ (Fig. 1 ). P-cresol at 100 g/mL also inhibited was considered significant.
ICAM-1 expression on cytokine-stimulated HUVEC but did not induce a stronger inhibition than p-cresol at 10 RESULTS g/mL (Fig. 1) . P-cresol at 1 g/mL (healthy subject con-P-cresol down-regulates cytokine-induced expression centration) did not significantly modify cytokine-induced of endothelial adhesion molecules ICAM-1 expression on HUVEC (Fig. 1) . The increase in VCAM-1 expression was also inhibited by p-cresol; Endothelial cells were incubated in medium with or VCAM-1 induction by TNF and IL-1␤ was decreased without different concentrations of p-cresol, in presence 42% and 49%, respectively, by p-cresol at 10 g/mL or absence of TNF (500 U/mL) or IL-1␤ (50 U/mL). (Fig. 2) . VCAM-1 expression on cytokine-stimulated After 24 hours, ICAM-1 and VCAM-1 expression on en-HUVEC also was inhibited by p-cresol at 100 g/mL; dothelial cell surface was measured by flow cytometry. P-cresol alone had no effect on endothelial adhesion molewith TNF, this inhibition was stronger than with p-cresol at 10 g/mL. VCAM-1 induction by TNF was decreased cule expression whatever the dose used (not shown). After a 24-hour incubation, TNF and IL-1␤ induced a strong by 56% by p-cresol at 100 g/mL (Fig. 2) . P-cresol at 1 g/mL had no effect on cytokine-induced VCAM-1 expression on HUVEC (Fig. 2) . Inhibition of cytokine-induced expression of ICAM-1 and VCAM-1 occurred rapidly, since the surface expression of these molecules also was inhibited by p-cresol after a four-hour incubation (Table 1) .
Endothelial cells were stimulated with lower amounts of TNF and IL-1␤ (100 U/mL and 10 U/mL, respectively), and the inhibitory effect of p-cresol on cytokineinduced adhesion molecule expression was similar (Figs. 3  and 4) . The increase in ICAM-1 expression induced by TNF at 100 U/mL was inhibited 22% and 23% by 10 g/mL and 100 g/mL of p-cresol, respectively (Fig. 3) . VCAM-1 induction by TNF at 100 U/mL was decreased 38% and 49% by p-cresol at 10 g/mL and 100 g/mL, respectively (Fig. 4) . Similar results were obtained with IL-1␤ at 10 U/mL (Figs. 3 and 4) . E-selectin was analyzed at its maximal level of surface expression, that is, after a four-hour incubation (Table 1) . E-selectin expression on HUVEC incubated with TNF at 500 U/mL or IL-1␤ at 50 U/mL was strongly increased relative to control. Cytokine-induced E-selectin expression was not inhibited by p-cresol, whatever the dose (Table 1) .
Since p-cresol is protein-bound, the influence of albumin concentration on adhesion molecule expression was analyzed. The albumin concentration in the usual culture medium was 0.08 g/dL. HSA was added to the culture medium at a concentration of 4 g/dL. At this albumin concentration, an inhibition of cytokine-induced expression of adhesion molecules was caused by p-cresol (Figs. 5 medium not supplemented with albumin: TNF-induced in the presence or absence of p-cresol. Total RNA was then isolated ICAM-1 expression was inhibited 22% and 23% by and ICAM-1 and GAPDH mRNA levels were analyzed by competitive p-cresol at 10 g/mL and 100 g/mL, respectively (Fig. 5); RT-PCR as described in the Methods section. Intensities of the ethidium bromide staining of RT-PCR products subjected to 1.5% agarose gel TNF-induced VCAM-1 expression was inhibited 20%
were quantified with the Scion Image software. GAPDH signals were and 36% by p-cresol at 10 g/mL and 100 g/mL, reused to normalize ICAM-1 signals. Data are expressed as mean Ϯ SEM spectively (Fig. 6) . Similar results were obtained with of 3 independent experiments. *P Ͻ 0.05 vs. IL-1␤,
• P Ͻ 0.05 vs. TNF.
IL-1␤-induced adhesion molecule expression (Figs. 5 and 6). P-cresol at 1 g/mL did not modify cytokineinduced adhesion molecule expression in these condi- (Fig. 8A, lanes 3 and 6) mRNA. The increase in ICAM-1 tions (Figs. 5 and 6 ).
and VCAM-1 mRNA induced by IL-1␤ was inhibited P-cresol inhibits cytokine-induced mRNA of by p-cresol at 10 g/mL and 100 g/mL (Figs. 7A, 8A endothelial adhesion molecules lanes 4 and 5, and 8B). Similar results were obtained when IL-1␤ was replaced by TNF (Figs. 7B, 8A lanes 7 To explore the mechanisms responsible for inhibition and 8, and 8C). of ICAM-1 and VCAM-1 expression, we studied ICAM-1 and VCAM-1 mRNA levels by RT-PCR. These experi-P-cresol reduces cytokine-induced THP-1 adhesion to ments were performed only with p-cresol concentrations endothelial cells inducing an inhibition of adhesion molecule expression,
To determine the functional importance of the inhibithat is, 10 g/mL and 100 g/mL. P-cresol did not intory properties of p-cresol on stimulated expression of crease ICAM-1 (Fig. 7) and VCAM-1 (Fig. 8, lanes 1 endothelial adhesion molecules, we studied the adhesion and 2) mRNA levels in the absence of inflammatory of THP-1 monocytes to HUVEC. The stimulation of stimuli. Stimulation of HUVEC with IL-1␤ or TNF resulted in a strong increase in ICAM-1 (Fig. 7) and VCAM-1 HUVEC by TNF or IL-1␤ resulted in a sixfold increase in THP-1 adhesion (Fig. 9) ; treatment with p-cresol alone of endothelial adhesion molecules. We investigated the effects of p-cresol on endothelial adhesion molecules did not modify THP-1 adhesion, whatever the dose of during cytokine stimulation, since most of the endothep-cresol used (not shown). Incubation with p-cresol siglial molecules mediating leukocyte adhesion are strongly nificantly reduced THP-1 adhesion to cytokine-stimuinducible. lated HUVEC. P-cresol at 10 g/mL decreased mono-
The results demonstrated that p-cresol significantly cyte adhesion to TNF and IL-1␤-stimulated HUVEC inhibited cytokine-stimulated expression of endothelial by 25% and 42%, respectively (Fig. 9 ). P-cresol at 100 adhesion molecules ICAM-1 and VCAM-1. P-cresol alone g/mL also strongly decreased monocyte adhesion to had no effect on endothelial adhesion molecule expresstimulated HUVEC (Fig. 9) . P-cresol at 1 g/mL had sion. Cell adhesion molecules were inhibited at a p-cresol no effect on monocyte adhesion to TNF-stimulated concentration similar to that in uremic plasma [8, 18] . HUVEC, but slightly decreased monocyte adhesion to On the contrary, p-cresol at concentrations observed in IL-1␤-stimulated HUVEC (Fig. 9) . the plasma of healthy subjects had no notable effect on induction of endothelial adhesion molecules. At the DISCUSSION transcriptional level, the mRNA levels of VCAM-1 and Upon appropriate stimulation, the endothelium exhib-ICAM-1 decreased when cytokine-stimulated endotheits increased adhesiveness for leukocytes. Increased exlial cells were exposed to p-cresol. pression of endothelial-leukocyte adhesion molecules (such Since p-cresol is protein-bound in plasma, the culture as ICAM-1, VCAM-1 and E-selectin) mediates such enmedium was supplemented with albumin at a concentrahanced adhesive interactions [14, 15] . Inflammatory cytotion found in human plasma. In the presence of albumin, kines and leukocyte-specific chemoattractants also conp-cresol inhibited cytokine-induced adhesion molecule tribute to leukocyte recruitment during inflammatory and expression, but to a lesser extent than in medium not immune responses [16, 17] . Since p-cresol plasma levels supplemented with albumin. This could be explained by are enhanced in CRF patients and since p-cresol may the decrease of the free non-protein bound fraction of play a role in the immunodeficiency of uremia, we hyp-cresol in medium. It is difficult to extrapolate these in vitro results to the in vivo situation. However, they show pothesized that p-cresol could modulate the expression Other transcription factors must assemble with NF-B to generate unique transcriptional activating complexes. For example, the high mobility group (HGM) protein I(Y) is required for cytokine-induced E-selectin expression, and the transcriptional activator interferon regulatory factor-1 (IRF-1) cooperates with NF-B to mediate cytokine induction of VCAM-1 [19] . On cytokine stimulated endothelial cells, p-cresol inhibited ICAM-1 and VCAM-1 up regulation, but not E-selectin induction, suggesting that p-cresol acts preferentially on ICAM-1 and VCAM-1. It remains unclear how p-cresol inhibits cytokine-stimulated VCAM-1 and ICAM-1 expression without inhibiting E-selectin expression. One possible mechanism is that p-cresol acts on transcriptional factors involved in VCAM-1 and ICAM-1 induction but not in E-selectin induction. In addition, stimulated levels of VCAM-1 transcript are reduced in the presence of the protein synthesis inhibitor cycloheximide [19] , indicating that protein synthesis is necessary for maximal transcriptional activation. In contrast, E-selectin is superinduced in the presence of the protein synthesis inhibitor [19] . Hence, another possible mechanism is that p-cresol inhibits the synthesis of proteins necessary for VCAM-1 mRNA induction.
The molecular mechanisms of p-cresol action on endothelial cells are not known. A marked impairment of ICAM-1 mRNA expression was shown in TNF-stimulated endothelial cells depleted of intracellular glutathione [20] . In addition, previous experiments on rat liver cells demonstrated that p-cresol depletes intracellular glutathione levels and causes toxicity via the formation of a reactive intermediate that can be trapped with gluta- Since leukocyte adhesion to endothelium is one of the as mean Ϯ SEM of 10 independent experiments for TNF and 7 independent experiments for IL-1␤.
•• P Ͻ 0.01 vs. TNF, *P Ͻ 0.05 vs. IL-1␤, key events in immune responses, we studied monocyte ***P Ͻ 0.001 vs. IL-1␤.
adhesion to endothelial cells. P-cresol alone had no effect on monocyte adhesion to non-stimulated endothelial cells. On the other hand, uremic levels of p-cresol significantly reduced monocyte adhesion to cytokine-stimuthat at a uremic concentration, and in presence of albumin at concentration found in human plasma, p-cresol lated endothelial cells. Hence, the decrease by p-cresol of adhesion molecule expression on stimulated endothelial has an effect on endothelial cells.
The three endothelial adhesion molecules have differcells is of functional importance because it results in an inhibition of monocyte adhesion to these endothelial cells. ent patterns of expression and are functionally distinct. E-selectin mediates the initial leukocyte rolling on endo-
The functional state of leukocytes obtained from undialyzed uremic patients or during a dialysis session is thelium whereas ICAM-1 and VCAM-1 mediate firm adhesion by interacting with integrins on the leukocyte impaired [22-27]. P-cresol may be involved in uremic leukocyte functional deficiency since it depresses the surface. The expression of endothelial adhesion molecules is strongly up-regulated by TNF and IL-1␤ at the phagocyte functional capacity [5] and inhibits the release of PAF by macrophages [6] . In the present study, we transcriptional level through the activation of the NF-B system. Although the endothelial NF-B transcription demonstrated that p-cresol also has a harmful effect on leukocyte/endothelial cell interactions. factor system is necessary for cytokine-induced endothelial adhesion molecule expression, it is not sufficient.
Only 30% of p-cresol is removed by hemodialysis ther- better, a larger pore size has no effect on the removal of 141, 1999 protein-bound uremic toxins such as p-cresol. Therefore, p-cresol, for example with the uptake of the oral sorbent
